To obtain kilometer square kilometer cubic meter per second Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by use of the following equation:
°F=1.8(°Q + 32
Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD of 1929 .
Abbreviated water-quality units used in this report: Chemical concentrations and water temperature are given in metric units. Chemical concentration is given in milligrams per liter (mg/L) or micrograms per liter (|Ug/L). Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is approximately the same as for concentrations in parts per million.
Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (|uS/cm). This unit is equivalent to micromhos per centimeter at 25 degrees Celsius (nmho/cm), formerly used by the U.S. Geological Survey. 
Introduction
The water quality of the Ottawa River and its tributaries is an issue of concern for the Ottawa River Coalition (ORC). Of particular concern are periods of water-quality stress on aquatic life. These periods tend to occur during the spring, after agricultural nutrient and pesticide application elevated, and during the summer, when water temperatures are at maximum and streamflows and dissolved-oxygen concentrations are at minimum. At these periods, point and nonpoint sources of nutrients, major ions and trace elements, and pesticides would likely be at elevated concentrations. Nonpoint sources of nutrients, pesticides, and major ions and trace elements include sources such as the natural weathering of soil and rocks; failing septic systems; application of pesticides and fertilizers to crops, lawns, and golf courses; atmospheric deposition; and pet and livestock waste. Point sources of nutrients and major ions and trace elements include sources such as effluent (discharges) from municipal and industrial wastewater facilities. The ORC has pursued various measures to understand and protect the Ottawa River, including educational and public-awareness activites and a water-quality assessment of the watershed. In 1995, the ORC began collecting water-quality data at 20 sites to determine physical properties and chemical concentrations in stream water throughout the watershed but did not make concurrent streamflow measurements.
Although the chemical-concentration data collected are useful, information on chemical loads (computed by multiplying chemical concentrations and streamflow) is needed for watershed-management plan development. In order to obtain streamflow data and otherwise augment the available water-quality data for the watershed, the U.S. Geological Survey (USGS), in cooperation with the ORC, did a three-year streamflow and water-quality study, with emphasis on collecting information for periods of potential stress on aquatic life. This report presents streamflow and water-quality data for the Ottawa River and its tributaries collected during that study.
Description of study area
The study area includes the Ottawa River and selected tributaries in Hardin, Alien, and Putnam Counties, all in western Ohio (fig. 1 ). The index station, Auglaize River near Fort Jennings, is in southern Putnam County. The primary land use varies throughout the watershed. The upstream and downstream parts of the Ottawa River Basin are mostly agricultural. The central part of the watershed, including Lima, is urban mainly residential and industrial, interspersed with golf courses, commercial areas, and agricultural areas.
Methods of study
Streamflow and water-quality data were collected at 19 sites along the Ottawa River and its tributaries ( fig. 1) . The streamflow-gaging station Auglaize River near Fort Jennings (station 04186500) was used as an index station to provide a long-term source of reference for the streamflowdata.
Site selection
The 19 sites used in this study were selected primarily for proximity to the 20 sites where the ORC had collected data in previous years. Eighteen of the sites are either at or near the 20 ORC sites. The remaining site, the Ottawa River at State Route 117, was selected because a study done by the Ohio Environmental Protection Agency (1996) showed a dissolved-oxygen sag at this site. Each site was selected so that streamflow measurements and representative waterquality samples could coincide. Nine sites were on tributaries to the Ottawa River and were as near as possible to the mouth of the tributary (usually at the first bridge upstream from the mouth). The 10 remaining sites were on the Ottawa River.
The index station used during this study, Auglaize River near Fort Jennings (USGS station number 04186500), was chosen because it and the Ottawa River Watershed are geographically close and have similar drainage areas (332 mi2 and 372 mi , respectively), similar land use, and similar climate characteristics. The Auglaize River near Fort Jennings streamflow-gaging station operated from August 1921 to December 1935 and has operated continuously since October 1940, including the time period during which the ORC collected data. The station is in the Maumee River Basin at a latitude of 40°56'55" and a longitude of 84°15'58". The station is 200 ft upstream from the U.S. Highway 224 bridge, 6 mi upstream from the mouth of the Ottawa River, 7.3 mi downstream from Jennings Creek, and 3.5 mi northeast of Fort Jennings.
Streamflow measurements
Streamflow measurements determine the volume of water that passes a cross section of a stream in a given time (reported in units of cubic feet per second) and were made by means of standard USGS procedures (Rantz and others, 1982) . These measurements were used to depict relations between instantaneous streamflow at a selected site and the daily mean streamflow at the index station.
Streamflow measurements were made periodically at the 19 sites and the index station starting in the fall of 1999 and continuing until the summer of 2002, for a total of 10 sets. Each of the 10 sets of streamflow measurements was made over a period of 2-3 days during nonwinter months when flow was low, except for one set associated with a runoff event.
Water-quality field and laboratory analyses
Water-quality sampling was done twice, once in summer 2000 and once in spring 2001. The first sampling round (summer of 2000) measured nutrients and 25 major ions and trace elements during low flow, when effluent (discharges) from point sources would likely be at its highest proportion of streamflow. The second sampling round (spring of 2001) measured nutrients and 48 pesticides during a springtime runoff event after most crops were planted and most pesticides were applied. Two of the 10 sets of streamflow measurements coincided with the sample collection and field measurements.
Field analyses. Alkalinity, water temperature, pH, specific conductance, dissolved oxygen, air temperature, 
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and atmospheric pressure were measured in the field during both sampling trips. A four-parameter water-quality meter was used for field analysis of water temperature, pH, specific conductance, and dissolved oxygen. The meter was calibrated with standard solutions before each day's use. A separate thermometer was used to measure air temperature, and an aneroid barometer was used to measure atmospheric pressure (Shelton, 1994) . Alkalinity (reported in milligrams per liter as CaCC>3) was determined by means of the incremental titration method (Shelton, 1994) . Additional dissolved-oxygen measurements were made during separate site visits, once during the first set of streamflow measurements and twice thereafter during 4-hour periods in the morning so as to reduce the effects of photosynthesis and varied atmospheric pressure. One of the two latter measurement rounds coincided with one of the days of the runoff sampling; therefore, one or two dissolved-oxygen measurements might be tabulated for that day.
Laboratory analyses. Water samples analyzed for nutrients and pesticides or major ions and trace elements were collected, composited, filtered if necessary, bottled, and chemically preserved if necessary by means of methods described by Shelton (1994) . Before samples were collected, water-quality equipment was cleaned and field rinsed with native water. Samples were then collected by means of the equal-width-increment (EWI) sampling where possible or by dip sampling where EWI sampling was not possible (Shelton, 1994) . After any necessary filtration and chemical preservation, water samples were immediately chilled and shipped on ice to the USGS National Water Quality Laboratory in Arvada, Colorado, for analysis. cate samples were examined to better understand the precision and variability of the samples.
Quality-assurance practices ensured that the data were representative and complete. To ensure that samples were representative of the actual environmental conditions, samples were collected from locations typical of the site; approved sampling, analytical, preservation and transportation (holding times) methods and equipment were used applying standard USGS methods (Francy and others, 1998) . To ensure that data sets were complete, the data were examined for missing values and departures from expected ranges of values (Francy and others, 1998) .
Relation between streamflow at index station and synoptic sites
Instantaneous streamflows at the 19 study sites listed in table 1 were plotted against the daily mean streamflows from the Auglaize River at Fort Jennings on the same days. The results of these graphical comparisons are shown in figures 2-11 (at back of report.) Although the Ottawa River Watershed and the area draining to the index station have several key similarities at the watershed scale, local factors can result in considerable scatter in the data and can make establishing a consistent streamflow-streamflow relation difficult, if not impossible. Examples of such local factors include differences in withdrawals or discharges, precipitation and (or) evapotranspiration, geology and certain streambed characteristics, physiography, and land use.
Quality-control and quality-assurance practices
Quality-control practices (blank and replicate samples) were used to assess bias, precision, and variability in the collection, handling, and analysis of water-quality samples. Replicate samples, a set of samples that are collected, handled onsite, shipped, and analyzed in an identical manner so that the samples are thought to be identical in composition (Francy and others, 1998) , were used to measure variability and precision characteristics associated with the sampling and analytical procedures. Blank samples, which are samples of constituent-free water that undergo the same handling, transportation, and analytical procedures that a stream-water sample does (Francy and others, 1998), were used to identify and assess sources of contamination and bias. For the two sampling rounds, blank samples and replicate samples were collected by each crew (appendix Al and A2). The results of the blank samples were examined to ensure that there was no contamination or bias from the sample collection, processing, transportation and/or handling procedures. Additionally, the results from the repli- Relation between streamflow at Index station and synoptic sites 
Water-quality characteristics
Water-quality data from the first sampling round (summer of 2000) are listed in Appendix 1, and the data from the second sampling round (spring of 2001) are listed in Appendix 2. Quality-control data (analyses of duplicate samples) are included as a second row of data for the same site and date at selected sites. The four or five dissolvedoxygen concentration data are listed on table 1. Minimum, median, and maximum values of the nutrient and dissolved-oxygen concentrations and physical properties measured at the 18 or 19 sites are listed in table 2 (table 2 and all remaining tables are at back of report) for samples collected during low-flow and runoff events. Only 18 sites were sampled during the summer 2000 sampling round because there was no flow at the Ottawa River at Metzger Road (site E).
The median values of specific conductance, pH, dissolved oxygen, alkalinity, and orthophosphate were higher during low flow than during the runoff event. In contrast, the median concentrations of total phosphorus, ammonia nitrogen, nitrite plus nitrate nitrogen, and ammonia plus organic nitrogen were higher during the runoff event than during low flow. Concentrations of orthophosphate, phosphorus, and dissolved oxygen all exhibited wider ranges (lowest minimum value and the highest maximum value) during low flow than during the runoff event.
Concentrations of nitrite plus nitrate nitrogen in nine samples exceeded the U.S. Environmental Protection Agency (USEPA, 2002) Maximum Contaminant Level (MCL) for nitrate (10 mg/L, as nitrogen) during the runoff event, whereas concentrations in only one sample exceeded this standard during low flow. Although the MCL applies to treated drinking water and not to the samples collected Water-quality characteristics during this study, the MCL provides a frame of reference for evaluating the water-quality data.
Water-quality samples were collected and analyzed for major ions and trace elements during the low-flow period in September 2000. Summary statistics for the 15 constituents that were detected at all 18 sites are listed in table 3. An additional 10 constituents were detected infrequently (table 4) or not detected at all (table 5) . As a frame of reference, lead concentrations, detected at 1 to 2 |ig/L, were well below the 15-|ig/L USEPA action level for treated drinking water.
During a runoff event in May 2001, water-quality samples were collected and analyzed for 48 pesticides. Of the 48 pesticides, 18 were detected, 13 of which were detected at five or more sites (table 6). The pesticides trifluralin, DCPA, malathion, tebuthiuron, and terbuthylylazine were detected at 3 or fewer sites, and 30 pesticides were not detected at any site (table 7) . Acetochlor, atrazine, deethylatrazine, metolachlor, and simazine were detected in all 19 samples. The USEPA has established MCLs for drinking water of 3 |ig/L for atrazine and 4 ng/L for simazine. Although the MCLs do not apply to stream water, they can be used as a frame of reference for evaluating the magnitude of the concentrations observed in the samples. Concentrations of atrazine exceeded the MCL at 13 sites; the simazine MCL was exceeded at 1 site. Of the three other pesticides detected in all 19 samples, acetochlor and metochlor do not have MCLs, and deethylatrazine is an atrazine metabolite. Detections of pesticides were not unexpected because sampling was targeted during a runoff event after recent planting and pesticide application.
Summary
In cooperation with the ORC, the USGS made 10 streamflow measurements at each of 19 stream sites and at a USGS gaging station (index station). Nineteen plots were made of the daily mean streamflow at Auglaize River near Fort Jennings and the instantaneous streamflow at the 19 sites.
Two sets of samples were collected and analyzed for water-quality constituents at the 18 or 19 sites. Dissolvedoxygen concentrations were measured four or five times. The water-quality samples were collected during two periods when stream conditions potentially placed stress on aquatic life. Samples were collected and analyzed for nutrients and physical properties during both sampling rounds.
During low flow, the median values of specific conductance, pH, dissolved oxygen, alkalinity, and orthophosphate were higher than during the runoff-sampling. In contrast, the median concentrations in runoff samples were higher than in low-flow samples for total phosphorus, ammonia nitrogen, nitrite plus nitrate nitrogen, and, ammonia plus organic nitrogen. Concentrations of orthophos-phate, phosphorus, and dissolved oxygen all exhibited wider ranges (lowest minimum value and the highest maximum value) during low flow than during the runoff event.
Water samples were collected and analyzed for major ions and trace elements during a low-flow period and for pesticides during a runoff event. Samples collected during the low-flow period were analyzed for 25 major ions and trace elements, 15 of which were detected in all the samples and 10 that were detected infrequently or not at all. Samples collected during the runoff event were analyzed for 48 pesticides, 18 of which were detected. Of thelS pesticides detected, 5 were detected in all the samples: acetochlor, atrazine, deethylatrazine, metolachlor, and simazine. Alachlor and prometon were detected in 18 of the 19 samples, diazinon was detected in 17 samples, carbaryl and metribuzin sencor in 13, cyanazine in 8, chlorpyrifos in 6, and pendimethalin in 5 samples. The remaining pesticides DCPA, malathion, tebuthiuron, terbuthylazine, and trifluralin were detected in one, two, or three of the samples. Neither the pesticide nor the major ion and trace element data are unexpected, as both sets of analyses were targeted during times when environmental conditions could cause the pesticides and major ions and trace elements to be at high concentrations.
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